Background. The US National Viral Hepatitis Action Plan depends on additional providers to expand hepatitis C virus (HCV) treatment capacity in order to achieve elimination goals. Clinical pharmacists manage treatment and medication within interdisciplinary teams. The study's objective was to determine sustained virologic response (SVR) rates for clinical pharmacist-delivered HCV therapy in an open medical system.
The number of acute hepatitis C virus (HCV) cases in the United States has risen steadily since 2010, and it increased from 2015 to 2016 by 21.8%, from 2436 to 2967 patients infected [1] . Approximately 3.5 million people in the United States are living with chronic HCV. HCV mortality surpassed that of HIV in 2006 and has surpassed >60 other nationally notifiable infectious diseases combined since 2013 [2] . Rising mortality rates are of increasing concern, as only 50% of infected patients are diagnosed and aware of their HCV infection and only 17% have been prescribed HCV treatment [3] . Highly effective directacting antiviral (DAA) agents are available, yet accompanied by challenges of drug-drug interactions (DDIs) and medication access [1, 4, 5] .
In 2017, the United States National Academy of Sciences released a domestic hepatitis elimination strategy that incorporated pharmacies as additional venues to expand access to prevention, care, and cure [6] . Additional HCV providers are needed not only to diagnose HCV infection, but also to close the gap between HCV diagnosis and treatment. Successful models that expand the HCV treatment workforce to include midlevel providers and nonspecialist primary care providers have been published [7, 8] . The multifaceted roles of the clinical pharmacist in HCV management have previously been outlined as well [9] [10] [11] [12] . Clinical pharmacists as HCV treatment providers have been demonstrated to achieve high SVR rates within self-contained systems such as the US Veterans Affairs Health System and the Indian Health Services. The Veterans Affairs Health System is the largest treater of HCV in the nation and is on track for HCV elimination. These self-contained settings may not be reflective of the majority of open practices in the United States, which encounter other barriers to care including but not limited to insurance restrictions, out-of-pocket costs, and medication procurement through a specialty pharmacy [9, [13] [14] [15] [16] . The effectiveness of a clinical pharmacist-driven HCV delivery model in an open system has not yet been reported.
Several US practice sites have clinical pharmacist-driven treatment models, in which the clinical pharmacist selects the appropriate HCV medication and duration for patients as part of an interdisciplinary team and under a collaborative practice agreement with a physician. This multicentered cohort study evaluates sustained virologic response (SVR) rates from 4 clinical pharmacist-driven HCV treatment models within hepatology, infectious diseases, and primary care clinics to assess this approach for HCV care delivery.
METHODS
Investigators conducted a multicenter observational retrospective cohort study using electronic medical record data from patients who initiated HCV treatment at 4 US institutions with a clinical pharmacist-driven treatment model within an interdisciplinary health care team. The study was reviewed and approved by the institutional review board at each of the participating institutions, and waivers of informed consent were granted.
Study Setting and Participants
The 4 participating institutions included Creighton University (CU), Temple University Health System (TUHS), University of Illinois Hospital and Health Sciences System (UI Health), and Vanderbilt University Medical Center (VUMC). Institutions utilized an HCV treatment model in which a board-certified clinical pharmacist within an interdisciplinary team selected the appropriate DAA regimen and duration for patients according to existing standards of care and national guidance at the time of treatment. Clinics included hepatology, infectious diseases, and primary care. Although the specific workflow varied by site, all pathways were comprised of a generalized 6-step process in which the clinical pharmacist performed: (1) evaluation of treatment candidacy, (2) selection of treatment regimen, (3) facilitation of medication access, (4) provision of patient education at treatment initiation and throughout follow-up, (5) adherence counseling and assessment, and (6) assessment of laboratory values to ensure safety and efficacy.
Adult patients were identified through the pharmacists' local electronic medical record HCV treatment lists, and data were included if a dual or triple all-oral DAA HCV treatment regimen was initiated between January 1, 2014, and March 12, 2018, under the care of the clinical pharmacist at each investigator's respective site. Patients were excluded if they had not yet reached 12 weeks after treatment completion by September 7, 2018, or if treatment was not provided by the clinical pharmacist-driven pathway described.
Data Collection
Study data were collected from electronic medical records and managed using REDCap electronic data capture tools hosted at the University of Illinois at Chicago [17] . Baseline data were collected from the 12 months before treatment initiation as available. Treatment data were collected from the initial HCV evaluation through SVR assessment, treatment discontinuation, or determination of loss to follow-up as of September 7, 2018 .
Patient Characteristics
Baseline data collection included gender, age, ethnicity, body mass index (BMI), insurance type, HCV genotype, HCV RNA levels, HCV treatment history, fibrosis stage and method of determination, Child-Turcotte-Pugh (CTP) class in patients with cirrhosis, hepatitis B virus (HBV) and/or HIV coinfection, solid organ transplant history, dialysis status, comorbid diabetes or psychiatric illness, baseline alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels, serum creatinine, platelets, total bilirubin, albumin, and DDI with planned DAA regimen. Patient-reported history of and/or current alcohol use, illicit substance use, and intravenous drug use (IVDU) were determined from chart documentation. HCV treatment-related data collected included DAA regimen, intended length of therapy, and reason for treatment discontinuation if applicable. HCV RNA results were collected through 12 or more weeks after treatment completion. Investigators reviewed adverse drug reactions (ADRs) and DAA adherence as documented by any member of the health care team after treatment initiation.
Outcomes
The primary outcome was SVR, defined as an undetectable HCV RNA polymerase chain reaction test result at a minimum of 12 or more weeks after HCV treatment completion. SVR rates were defined for the overall sample and stratified by patient characteristics, including race, age, gender, genotype, fibrosis stage, treatment history, and comorbidities. Secondary outcomes included effect of baseline DDIs, on-treatment ADRs, and medication adherence on SVR.
Statistical Analysis
The primary analysis utilized an intent-to-treat (ITT) analytic approach in which patients who were lost to follow-up (LTFU) or discontinued therapy were included as treatment failures. Therefore, no patients in the study sample were excluded from the primary analysis. In a secondary analysis, a per-protocol (PP) analytic approach was performed, in which patients who discontinued therapy or were LTFU were excluded. Patients were considered LTFU if they did not have SVR data available at a minimum of 12 or more weeks after the completion of therapy for any reason, including death, at the end of the study period. Patients were considered to have discontinued treatment if they did not complete their initially prescribed length of treatment for any reason, including provider instruction, selfdiscontinuation, or death.
Data were analyzed using SAS 9.4 software (SAS Institute, Cary, NC, USA). Descriptive statistics were provided to define the overall study population. Categorical variables were conveyed as frequencies and proportions, whereas continuous variables, including baseline age, BMI, ALT level, and AST level, were represented as the mean and standard deviation.
SVR rates and corresponding 95% confidence intervals (using the Clopper-Pearson method) were determined across the entire multicenter sample, as well as separately by baseline demographic and clinical factors. To identify significant associations between SVR rates and DDIs, ADRs, or adherence, χ 2 tests were used, with P values <.05 regarded as statistically significant.
RESULTS

Baseline Characteristics of the Study Patients
In total, 1253 patients from 4 institutions received dual or triple DAA treatment under a clinical pharmacist-driven interdisciplinary HCV treatment model ( Figure 1 ). The few patients at the 4 institutions who did not receive treatment via the pharmacist-driven model had extenuating circumstances (ie, provider unavailability, or a patient presented with HCV medication from an outside facility). Exact numbers were not available due to the rarity of this occurrence, and these patients were not included in pharmacists' HCV treatment lists. Ninetyfive (7.6%) patients were LTFU, of whom 22 (23.2%) were lost during HCV treatment and 73 (76.9%) were lost after treatment completion. An additional 24 patients discontinued therapy.
For the overall population, baseline demographic and treatment data are summarized in ITT SVR rates for specific subgroups are summarized in Figure 2 and did not differ significantly by treatment history, regimen, or comorbidities. SVR rates were higher for noncirrhotic patients than cirrhotic patients (88.8%; 95% CI, 86.3%-90.9%; vs 82.2%; 95% CI, 78.6%-85.4%). CTP class A patients had higher SVR rates than CTP class B patients (84.9%; 95% CI, 81.1%-88.2%; vs 69.4%; 95% CI, 57.3%-80.1%). ITT SVR rates were higher in patients with documented adherence vs those who self-reported any missed doses (90% vs 75%; P < .0001) ( Table 2) . SVR rates were 85.6%, 85.4%, and 77.1% among patients who had documented usage of alcohol, other illicit substances, and intravenous drugs within 6 to 12 months before initiating HCV treatment, respectively. These rates did not differ significantly from patients without recent use (Figure 2) . Among the 73 patients lost after treatment completion, 44 (60.3%) had an end-of-treatment response with HCV RNA not detected, and 29 (39.7%) did not have an HCV RNA drawn at the end of treatment.
Safety
A total of 716 ADRs were recorded among the 1253 patients who started HCV treatment. Fatigue and headache occurred in 20.8% and 14.5%, respectively, whereas 21.9% of patients reported other ADRs of any type. SVR did not differ by presence (88.3%) or absence (84.7%) of ADRs (P = .07). Treatment Gender Target Groups 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Figure 2 . Sustained virologic response rates by patient subgroup. Abbreviations: CI, confidence interval; CTP, Child-Turcotte-Pugh; DCV, daclatasvir; EBR, elbasvir; GZR, grazoprevir; G/P, glecaprevir/pibrentasvir; HCC, hepatocellular carcinoma; IVDU, intravenous drug use; LDV, ledipasvir; PrOD, paritaprevir/ritonavir/ombitasvir/dasabuvir; RBV, ribavirin; SMV, simeprevir; SOF, sofosbuvir; SVR, sustained virologic response; VEL, velpatasvir; VOX, voxilaprevir.
after treatment completion but before a blood draw was performed for assessment of SVR. Medical records pertaining to death indicated that 3 deaths were related to decompensated liver disease, 3 were unrelated to liver disease, and cause of death was not available for 5 patients.
Drug-Drug Interactions
DDIs were present in 47.6% (596/1253) of patients at baseline; 798 DDIs by medication class were identified (Table 3) . Changes to baseline concomitant medications were required for 184 medications to facilitate DAA safety and efficacy. SVR rates did not differ significantly by presence or absence of DDIs at baseline (88.1% vs 84.3%; P = .0543) ( Table 2 ). The DAA regimen associated with the highest rate of DDIs was paritaprevir/ ritonavir/ombitasvir/dasabuvir at 68.8%, yet it was used by only 1.3% of study patients. Ledipasvir/sofosbuvir led to the highest number of DDIs due to its frequent use, yet the DDI rate was only 50.1% with this regimen. The most common DDIs were with acid-suppressing agents, comprising 21.4% of all interactions identified.
DISCUSSION
Results from this multisite retrospective cohort study indicate that clinical pharmacist-driven HCV care is effective. These results are important, as they are the first to report successful HCV management across multiple sites in open health care systems by a clinical pharmacist. The overall ITT SVR rate of 86.1% from this model of care is similar to rates described in previous real-world reports of DAA therapy provided by specialists, midlevel providers, and primary care nonspecialists in the ASCEND trial [7] . The main reason for failure was LTFU, yet the majority of LTFU patients had an end-of-treatment response. The overall PP SVR rate of 95.2% is similar to the 93.8% rate of the international HCV-TARGET registry consisting of both academic and community HCV treatment sites [18] . No significant differences in SVR rates were identified by HCV regimen or treatment history. Pharmacists managed patients with a variety of comorbidities, including HBV or HIV coinfection, history of hepatocellular carcinoma, transplantation, psychiatric illness, and chronic kidney disease. SVR rates did not differ by these comorbidities, demonstrating the ability of the clinical pharmacists to manage patients with high complexity. As demonstrated in numerous other trials, presence of cirrhosis resulted in lower SVR rates than noncirrhotic patients; our population had a high rate of cirrhosis [18] . Payor coverage restrictions impacted the number of patients with advanced fibrosis, cirrhosis, and substance use who received HCV treatment. State Medicaid coverage differed among the 4 sites and changed over the course of the study period. Insurance restrictions based on staging and sobriety directly contradict current national HCV guidance and present a significant barrier to HCV elimination in the United States [19] .
Consistent SVR rates regardless of recent or ongoing alcohol or illicit substance use further support that HCV treatment can be successful in these historically difficult-to-cure patient populations. These data are relevant due to national trends of increased HCV diagnoses among people who inject drugs [20] . HCV treatment in the DAA era requires effective coordination of care from an interdisciplinary medical team for patients with substance abuse [21] . Many study patients had a history of psychiatric illness; these data further support and add to existing data demonstrating successful HCV treatment among these patients [22, 23] . The literature additionally reports high rates of SVR among populations with illicit substance use and psychiatric disorders with the involvement of a pharmacist in HCV therapy management [24] .
Pharmacists identified and managed 798 DDIs by medication class in 596 patients. Screening for major DDIs that reduce concentrations of DAAs is a vital responsibility for HCV treatment providers. Pharmacists are well equipped to identify and manage interactions before, during, and after a course of DAA therapy [25] .
Pharmacists' Role in Managing HCV
Clinical pharmacists have been members of HCV care teams from the interferon era to the current DAA era, and they represent a valuable resource to assist with HCV elimination via coordination of HCV care in a variety of patient settings. Interdisciplinary models that involve a pharmacist have shown higher rates of HCV treatment access than reports of traditional models [24, 26] . Previously reported data support that pharmacists can select the HCV regimen, facilitate treatment access, provide patient education throughout treatment, assess safety and efficacy, and offer mitigation strategies for ADRs to assist with treatment continuation [10-12, 16, 25, 27-31] . However, data presented here are the first to report the outcomes of clinical pharmacist-driven HCV treatment across multiple open health care system and clinical settings. The United States is on track to achieve HCV elimination after 2050, which extends 2 decades beyond the World Health Organization and US goals [32] . This study's data further support that clinical pharmacist-driven HCV management across practice sites can assist with HCV elimination efforts nationwide.
Study Strengths and Limitations
This retrospective analysis has several strengths, the foremost being the generalizability of the findings. The clinical practice sites of the pharmacists varied from specialty (hepatology and infectious diseases) to primary care, demonstrating that the clinical pharmacist-directed HCV treatment model can be applied to a variety of settings. The lack of difference in SVR across practice sites reinforces the effectiveness of the clinical pharmacist model. The diverse patient population, representative of a wide geographic and clinical cohort, also gives strength and applicability to the findings. Our population included patients with CTP class C, which is not common in clinical trials.
A limitation of this study is its retrospective nature; data collection relied on previous documentation, which in some cases limited the granularity of available data (such as social history). An additional limitation is the lack of a comparator group at each institution. Each of the practice sites had implemented pharmacist-driven models for HCV care delivery up to 20 years before the study, so no patients existed for a non-pharmacistmanaged comparator group. It would have been unreasonable to change the practice model for this sole purpose. The exact model of care delivery from treatment evaluation to initiation and follow-up was not standardized due to multiple study sites; however, the defined commonality was that the clinical pharmacist selected the HCV treatment and the duration of therapy. Although this limits the reproducibility, it adds diversity and generalizability to our findings. An additional limitation was collection of the DDIs by medication class instead of number of medications; the total number of DDIs may have been higher than reported.
CONCLUSIONS
The current study is the first to describe the efficacy of clinical pharmacist-driven HCV care across multiple institutions across a large and diverse patient population. HCV SVR rates were comparable to other real-world studies with specialist, nonspecialist, and nonhepatology providers. Collaborations should be established among other HCV treatment providers and clinical pharmacists in order to replicate this model of care as a method of HCV treatment expansion and a strategy geared toward HCV elimination.
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